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TRILOBITES AND THEIR TRAILS IN A BLACK SHALE: 
EARLY CAMBRIAN OF THE FLEURIEU PENINSULA, SOUTH AUSTRALIA 


by RICHARD J. F. .JENKINS* & PAM HASENOHR 


Summary 


JENKINS, R. J. F. & HASENOHR, P, (1989) Trilobites and their trails in a black shale: Early Cambrian of 
the Fleurieu Peninsula, South Australia. Trams. R. Soc, S. Aust. 113(4), 195-203, 30 November, 1089 

An Early Cambrian trilobite trom the Normanville Group in the Sellicks Hill area, Fleuricu Peninsula, 
South Australia is here identified as /vshimiellus briandailyi sp. nov. The trilobites occur in ‘black shale’ 
in close stratigraphic proximity to a beddihg-plane surface showing rails made by large trilobites, The 
environment was below storm-wave base and the traces indicate that the black shale depasiled in water 
sutficiently well oxygenated to support large metazoans with a presumed oxidative metabolism. Black 
coloration in shales may not be taken as a necessary indication of anoxic bottom waters. 


Key Worns: new species, conacoryphid trilobite, trace fossils, black shale, Cambrian, South Australia. 


Introduction 


Jago ef al. (1984) reported the first discovery of 
trilobite remains in the Early Cambrian Norman- 
ville Group on Fleurieu Peninsula, South Australia. 
They described two specimens of a conocoryphid 
trilobite from the Heatherdale Shale in the Sellicks 
Hill area (Pig. 1), bul considered the material so 
poorly preserved as to preclude formal description. 
While exploring the same site during late 1984, one 
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of us (P.H.) discovered a spectacular trace fossil 
made by an arthropod, Further searching revealed 
two more body fossil remains of trilobites. This 
paper reports these new discoveries, 

Of the new trilobite remains, one shows the 
cephalon and anterior thorax and the other is a 
fragmentary thorax. They were discovered on 
surfaces that had split open to the weather, and the 
very incomplete specimen is preserved essentially 
as a ferruginised film, The more complete individ- 
ual, an external mould, resembles specimen SAM 
P24321 described by Jago er al. (1984) and provides 
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Fig. 1. Locality thap showing find of trilobites añe trace fossils ar Sellicks Hill, and the placement of this discovery 
in relation to the framework of the Adelaide Fold Belt and adjacent foreland basin. 
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Fig. 2A-C. /vshiniellus briandailyi nov. sp: A, holotype SAM P24321, with anterior glabella relatively well preserved 
and composite mould of hypostome present, x3; B, C, paratype SAM P24844, B, external mould and C, silicon 
rubber cast of individual made from mould, both x1.5. D, conocoryphid gen, et sp. indet, SAM P24845, fragment 
photographed under a film of water, x1.5. 
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sufficient additional morphological Intormation to 
justly formal description of the taxon. 

The arthropod traces in near association with the 
body lossil specimens of the trilobites arc of especial 


interes! as the host rock répresenis a ‘hlack shale 


facies. Thus the traces provide an unusual 
palaenhiological perspecuve on this interesting find, 

The studied specinwns are registered in the 
Palaeontology Collection of the South Australian 
Museum, Adelaide (SAMI. 


SYSTEMATICS 


Soperiamily CONOCORYPHACEA Angelin, 1854 
Family CONOCORYPHIBAE Angelin, 18354 


Remarks: Divisions amongst the various genera of 
conocoryphids tend to be ill-defined due to 
description ol cranidia alone or beeause many 
remains of these thin-shelled trilobites are markedly 
distorted. Furthermore, workers have tended to 
stress thal the group is palyphyletic (Westereard 
195% Sdeuy 1961; Hutchinson 1962; Rasetti 1967) 
On rhe basis of the evident posuioning of the facial 
suture on the brim, the present form js a ‘tue’ 
conocoryphid (Figs 2 & 4), 

The family Conocoryphidae is rare in the Early 
Cambrian and much more common globally in the 
Middle Cambrian (Korobov 1973). Lochman-Balk 
& Wilson (1958) considered that rhe blind 
Conoverypludac and Endiscidae were characteristic 
of eXtracratonic, cuxinic biofacies in (he Cumbrian 
uf eastern Nerth America and suggested that the 
blind condition was favoured by some important 
ecological factor, 


Genus Juowiinrellus Korobov, 1966 


Remarks, The better preserved of (he original 
specimens (SAM P2432)) is described as having a 
rearwardly directed furrow on the side of rhe 
anterior part of the glabella (Jago et al 194 
mehally this par of the glabella scems to have been 
entire und undivided. Though the front of the 
glabella of The new specimen is crushed, there 
appear to be tour pairs of glabellar furrows (Fig. 
3), the elabella tapers anteriorly and is somewhat 
constricted at about a third its length. These 
charactenstics and other aspects of the cranidium 
conform to the diagnosis of the Early Cambrian 
genus /ysttiutietias Korobov, 1966, Most Cambrian 
conocoryphid genera show three pairs of glabella 
furrows (in advance of the occipital groove). The 
distance the glabella reaches forwards towards the 
frontal border, the possible presence of a raised pre- 
glabella lobe, and the width of the frontal feld, if 
it 1s developedl. are same nf (he significant character- 


istics important lor dislinguishing conocoryphids. 

While Korobov (1966) compared his new genus 
with the Middle Cambrian taxon Builiellu Mathew, 
1885. it is similar ta the Barly Cambrian Pseudatops 
Luke, 1940. Species of Pseudatops may show Tour 
pairs of elabella furrows, but the glabella is only 
weakly lapered forwards and differs from that in 
fushiniellus in eneroaching on the frontal barder, 


Fig. 3. Representation of the elabella wid central pan ol 
the eranidivn of SANT P24844 show posdian of ihe 
four pairs af slabeti Juspaws. l-4. i advaitee of phe 
oveipital furrow, Ove. The more uilerion alubellat lobes 
vic strongly compressed ih an adlerforeposteniuy 
tirechoan, Coopers wich Teni 2B; 


Ivshiniellus brisndailvi sp, Nov. 
FIGS 2-4 


Conovoryphid sp, inder, tage ev af, 1984, pp. 208-210, 
figs, 2n-c, 


Etymology: Llonouring the lite DY Bran Daily 
(1931-1986) for his contribution to Australian 
geology and teaching. 

Dlaenosis: Brim weakly inflexed medially, crani- 
dium encircled by border furrow and rather evenly 
covered by tine to coarse, pointed granules {spin- 
ules) in immature specimens, glabella almost 
smooth in more mature examples; pleura with 
acicular, weakly deflexed terminal spines; eleventh 
scxment macroplenrors. 

Material Holotype SAM P2432], lacking rearimost 
parts (Jago er al. 1984, tiv Iu, by two paratypes, 
SAM 24322, rear thoracic segments and 
Tragmentary pygidlur (lage ev uk 1984 fie, Tek 
SAM P24844, cranidium and parts of 14 cheracie 
segmentis 

Avseripiiva lt is unneeessary tè repeat phe 
desenpions ulihe holotype and second fragment 


(48 RIF 


hip. 4. Reconstruetion al cephalon cand ajol pari w 
Trak of fevdiielivs briundalyi sp. toy, ahon 2.3 
Himes dimensions OF balorype. 


provided in Jago ef af (1984, pp. 209-210). Phe new 
specimen confirms the arcuate shape of the 
cephalon befure, and slight median inflexion of the 
border, as well as indicating that the facial suture 
is cunlined to the brim. In the holotype, the 
granulose brim is poorly preserved and is wider than 
might seem obvious in the previously published 
figures; its posterior is well defined and che wide 
border furrow more fiacly and sparsely cranulose 
than the central parts of the cranidium. [he new 
remuins show a nearly smooth, narrow glabella 
tapering forwards. with four pairs of glabells 
luirrows directed rearwards, The fragmentary base 
of an occipital spine is present in the holotype. 
The additonal individual indicates at least 14 
thoracic segments and confirms that the eleventh 
is Inueropleurous. The thin pleural ridges nn the 
holotype shaw a line of 10-11 spinules or pornted 
granules on the anterior segments and 8-9 such 
granules on the posterior ones; other fine granules 
occur between. 
Meusurements: The hulotype, SAM P2434), 
indicates an animal eaceeding 25 mnr in length. ‘The 
distorted cranichur of SAM P24844 is 50 mm wide 
and the maximum width oy the glabella is 8.5 pm: 
founh iboracio segment aboul 445 moy wide, 
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excluding the spines and with the axis about 20.2] 
the width of the segment; animal in excess of 55 
mm long, 
Comparison: The genus includes two previously 
described forms, /vshiniellus hikolii and Ishiniellus 
pululus Korobov, 1966, both from the Aldanian 
Stage in Tuva, southeastern Siberia, within the Ezim 
Suite on the Ezim River. Both are represented by 
distorted cranidia and so any comparison with the 
present distorted remains must neecssarily lack 
precision, 7. briundailyi resembles J. ackold in the 
shape of the cephalon, save for the distinctive 
medial inflexion of the frontal border; the glabella 
also seems narrower. 7. pa/u/us differs from both 
of the former in us pointed glabella and the 
somewhat quadrate shape of the fixed cheeks. 
Mr J. G. Gelling has kindly provided 
photographs of cranidia and loaned several nearly 
complete dorsal exoskeletons of conocoryphid 
trilobites collected from the Parara Limestone at 
Bunyeroo Gorge in the Flinders Ranges. This 
material is of a taxon different to Z briandailyi as 
the eighteenth thoracic segment is inacropleurous 
uot the eleventh, and the medial thoracic segments 
have remarkably long and strong pleural spines. The 
rather long glabella, which reaches a depressed 
horder furrow behind the medially widened border, 
has three pairs of incised, backWardly directed 
furrows and a weak pair of depressions on the 
exireme anterior portion: laterally, the facial sutures 
cut off the major part of the brim. In its cephalic 
characterisues this form from the Parara Limestone 
shows similarities to the Barly Cambrian genus 
Arops Emmons, 1844. 


Conocoryphid gen. et sp, indet. 


Remarks: The additional fragmentary thorax (SAM 
P24845) dues not show the eleventh segment 
(counted from the most anterior segment preserved) 
macropleurous, and the pleural spines are more 
deflexed and evidently shocte: than in che preceeding 
form. However, the pleura show the characteristic 
wide-flat pleural grooves and narrow pleural ridges 
of conocoryphids, Fhe thoracic segments are about 
11.3 times as wide as long, excluding the spines, with 
the axis about 0.24 the width of the segment, The 
poor preservation has largely obliterated any surface 
detail, 

Disarticulated thoracic segments associated with 
cranidia of Clenocephius Hawle & Corda, 1947, in 
material from the Middle Cambrian of France, 
show the pleural terminations narrowed abruptly 
and thence produced into a somewhat deflexed, 
slender spine, The shape of the pleural terminations 
in SAM P24845 is markedly similar, This specimen 
coukl be a dimorphic individual of Z briakdailyw 
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or even represent a separate conocoryphid taxon, 
but basically is too fragmentary for determination, 


Age of trilobite finds 


The occurrence of /yshiniellus on the Fleurieu 
Peninsula is of potential significance with respect 
to the timing of a major stratotectonic development 
within the Adelaide Fold Belt, Cambrian rocks of 
the Nornianyille Group below the Heatherdale 
Shale are of both basinal and shelf aspect (Daily 
1963, 1976; Jago et at. 1986), The trilobites occur 
ini the upper member of the Heatherdale Shale high 
in the section of the formation exposed (Jaga er al. 
1984), At Cartickalinga and more southerly parts 
of (he Fleurieu Peninsula the Heatherdale Shale is 
abruptly succeeded by up to ca. 1300m of curbidites 
of the Carrickalinga Mead Formation [sensu late 
of Daily & Milnes 1971, 1972; Milnes 1986), the 
basal interval of the thick psammiric and/or pelitic 
sediments of the Kanmantoo Complex. Sandstones 
of subtidal or tidal origin (Hackslairs Passage 
Formation) succeeding the Carrickalinga Head 
Formation record a phase of basin filling. Jenkins 
(1989) identifies this overall basinal deepening and 
shallowing as the ‘Ramindjeri/Jadliaura stratotect- 
onic cycle’ and the organie-rich sediments (Foster 
et ul 1985) of the Heatherdale Shale may be 
considered as the ‘eusiule’ phase Marking the star 
of rapid subsidence associated with renewed litho- 
spheric extension, 

The likely age of /vsfuied/as In Siberia is Kite 
Aldanian (Korobov 1973; Jago cf af 1984) or medial 
Early Cambrian, and the comparable penus 
Pseudatope also aucurs in the mid Early Canbrian 
of eastern North America and the British Isles. The 
present finding that A briandailyt and it 
conocoryphid from Runyeroo Gorge are differed 
taxa weakens che claim of Jago er uf (1986) that 
vonoveryphids suggest a eotrelation between che 
Heatherdale Shale and higher parts of the Parant 
Limestone in the Flinders Ranges, though on a 
teclonic hasis the onset of deposition of the dark, 
nodular offshore facies of the latter formation miy 
well have corresponded wilh the deepening sinaeg 
hy the Mearhendale Shale (see Jenkins 1989). 


Trace Fossils 


Ai uppersiirface beddina plane at rhe trilobite 
sitt shows a relatively well preserved arthropod (rail 
extending over a distance of BO vin, parts af twò 
other tèile probubly made by large trilobites and 
& poorly preserved seerion al the back-filled burrow 
produced by a worm dike creature (Figs 56), This 
surface has heen preserved due lo an unusual 
cireumstanse 


The arthropods evidently moved over a relatively 
fine-grained and soft, muddy substrate with the 
ends of their limbs making deep impressions. Had 
this surface been subsequently buried by further sil, 
the cleavage now present in the rock due to 
deformation (Cambro-Ordovician Delamerian 
Orogeny) would probably preclude splitting along 
the particular bedding surface, However, the traces 
were buried by a 3,5 em thick bed now comprising 
intergrown phyllosilicates and ininor tine (— 0.1 mm 
diameter), angular quartz grains, which are 
commonly amalgamate and show undulose 
extinetion, The quartz is probably detrital. XRD 
analyses of the rock confirm visual observation that 
the bed is inhomogeneous with a (less weathered?) 
fraction comprising predominantly illite 2M,, 
minor muscovite M , and kaolinite-smectite, and 
a second (weathered”) fraction including illite and 
Ca montmorillonite. Iron rich opaques are 
concentrated in parts, Mite 2M is consistent with 
a paragenesis involving deep burial and alteration 
of possible older mineral phases, The bed is 
continuous along strike over an exposure distance 
of 60 m and thickens slightly Lowards Ihe south (up 
to 4.5 cm), in places, obvious eranular components 
that are apparently ‘reliets’ of the original 
sedimentary parucles grade in sive from ~ 0.5 - 
1.2 mm near the base of the bed to ~ 0.1 mm al 
the top, 

The granular aggregates of phyllosilicates 
posubly represen! the highly altered components 
of an airtall cuff chat wixed with a small amount 
of detrua! material and formed a slurry which 
buried and moulded the trilobite traces. During 
modern weathering 4 line of parting developed 
subjacent to (he Underlying sillsione such that a very 
thin veneer of granular material still adheres jo and 
completely cavers the traces, 

The trail traced over 80 om consists of Sub- 
parallel rows of rather closely spaced iniprints of 
ambulatory limbs and averages 75 fo BO mm in 
width. The individual imprints tend co be set 
obliquely or en-echelon and the best preserved are 
about W mm long. his wace is af the form 
ifusteated by Seilacher (1955, fig. la, b) and was 


evidently made by a perambulating trilobite with 
Ins body axis ahgned in che direction of travel. In 
one area il is overlapped by a erucdely segmented 
trace made by a Wwolfielike anual, Neathy 
exposures òw the Hexiherdale Shale show much 
heter preserved examples of what is probably this 
Same (race occurring in assomation wilh numerous 
burtows of a relatively large furm of Planolites 
Nicholson, 1873. The segmented trace is probably 
Of endogene ongin and well preserved examples 
show a regular back-lilling of large ovate faecal 
pellets arranged Iransversely 


200 R. J. F. JENKINS & P. HASENOHR 


Pig. 5. Bedding plane below tuff horizon, showing trace lossils made by trilobites, A-C, and struetire, D, artituted 
to an unknown worm-like animal. A-A ', trace made by perambulating trilobite with body aligned in direction 
of travel, B-B', marks made by large trilobite moving obliquely; C-C’, indication of a trilobite travelling relatively 
quickly, Seale bar equivalent to 20 om. 
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Fig, 6. Representatian of bedding surface portrayed in Vig. 5 indicating (he several sets of markings made by [rilobites 
TA-A , R-B’, C-C") and another unknown animal (D). 
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The two other traces show relatively widely 
spaced series of imprints interpreted ay the 
impressions OF rhe tips of the tclopodites of 
trilobites In the larger trace. the mdividual imprints 
aw up to 20 mm Jone and on one side of the 
complete trail dre arranged in rather n regular rows 
positioned in an emechëlon manner. Ihis sort ol 
markie is well expluined by Scilacher (1955, fe. 
le. 1) and indicates a trilobite moving obliquely 
erabawise, perhaps partly in response lo à gentle side 
vturrent. Che nps of the limbs which formed the 
marks on enber side al the rrace spanned 
approximarely 23 cm, indicabng a quite barge 
animal, The imprints of the remaining triye are 
widely spaced and suggest! a smaller animal 
travelling relatively quickly with the body aliened 
in dhe diteetion of travel. These marks are nol 
uspevially distintive (ail wete only seen in certain 
Hetiting) but ure comparable with sont ol the large 
(Hobile trails occurring in the late Eariv te Middle 
Cambri Kangaroo Island Group of Daily (1954), 
un the porch couse of Kangaroo Jaland, 

[he body fossil remains of the trilobites deseribed 
lieten occurred respectively 1.6 m siratiaraphically 
below (he surface with trilobite trails (SAM P24844) 
and 88 cm above (his surlace ISAM P24845), The 
races suggesi that trilobites were live mhabitants 
ofthe bottom environment 


PalacobjOlogical signifivunce 


The thinly laninated argillites of the upper 
member (~ 240 mm thick) of the Heatherdale Strate 
ure almost cutirely ilar bedded amd certainly 
docamulateel at depths below stonn wave base (ef, 
dago er ul 1086). A single rippled surfdee observed 
ray reflect loealised bottom currents. Considering 
the thickness of the succeeding tarbidites, the depth 
of wawr in the deposibional enviraimenc was 
prehably al the order of hundreds of metres. 

Japo er al (984) cite and illustrate apparent 
tiuderacks in the Heatherdale Shale thei fig. 44 
as possibly indivatine a shallow environment of 
depusition bul (hey concede that the eracks may 
have formed due to syuaeresis, DARSASKki & 
Walton (1965) illustrate their hies 13 & H3) 
compuardble eracks in turbicbites. 

Trilobite trails occur abundantly in parts of the 
late Early tè Middle Cumbrian sequence on the 
noch eoasr of Kangaroo Island (Spris 1985; Daily 
mal (979). Examples of such trails up bo LU-32 em 


in Width are especially numerous in nitervals of 


(hese forks deposited in tidal and subtidal faries, 
This assoeiahion of trilobite wails in shallow-water 
sediments is common world wiele durig the older 
Vulacospie and constinites the Cruzin facies of 
Selucher (Mead). Thus u is apparence that milobires 


had an ordinary oxidative kind of metabolism such 
as is characteristic of modern, tree living arthronads 
and metazoans in general, 

The arthropod tras on the Heatherdale Stale 
suggest relatively large animals moving over the 
bortom in seme numbers. Lhe implication is thar 
the body fossil remiadins of trilobites were part ul 
an indigenous papulation and not isolated 
individuals somehow teansparted ino the environ- 
ment by chanee. Presuniiny sn oxidative meta- 
bolism for (he trilobites, and (he worm-hke crealures 
responsible for various burrowed horizons, the 
horom waters of the Heatherdale Shale 
enviraninent were clearly not uniformly anoxic and 
must have been at least moderately well oxygenated 
at the tines Of broturbition, Chis comtradiets the 
commonly held opiniun thal black shales 
characterize oxygen stared basins; flueruating 
oxygen rensios May be mare likely (Morris 1980; 
Kaufiman 1982; Kiispert 1982; Wetzel 1982; 
Conway Morris 19451. 

By measunne the displacement of a conveniently 
sived plaster model of a trilobite, the soft tissue 
mass of the animal which made the 23 cm wide trail 
tay be estimated at ~ 400 g, With reference to ne- 
2.6 of Alexander (1979), the oxygen consumption 
of an animal of this size may have been about 0.045 
wiem bro. or for the whale organs, 23 mil 
hr . Runnevar (1982) demonstrated rhat the 
surface area ol rhe cespiratory organs (e pills) ol 
aqueous aiimals is approximately propòrional to 
the bady mass; this suggests a respiratory exchange 
surface of ~ 500 cm for the trilobite. Application 
of equation 13.5 of Alexander (1979, p. 279} 
indicates that the partial pressure between the sea 
waler and blood aver the respiratory surface needed 
to supply phe required OS Veen consumphorn is -O.06 
atm, Assuming that the respiratory piement in the 
animal's blood was saturated at 0.02 aim, the 
IOI Oxygen COnverttation ii the sea waret 
Hecessury lar the trilobite was ~ (LOR aim or ~ 38% 
PAL (~60 mm Hg of 0), This vahte lies within 
the medial part of the spectrum of oxygen conech- 
Hafions (i the oxygen mhumuty layer of modern 
oceans, effectively 2.8% PAL 10 60% PAL (Barres 
& Hughes 1982, fir, 1,9), 

There is corrently a renewed wave of speculation 
concerming the possible merase ol atmospheriy 
oxyeen during the late Precambdao and ita 
relationstup lo the cergerie Of (he metazoan and 
higher plant live (Runnegar 19824, 6 and pers 
comm; Clacssner 1983, 1984), The present exanrple 
sugges that simple observation of dark coloration 
in parts of Precambrian sequences (eg, arey anil 
black phylhtes in the “Terrensign’ Series òt Me 
Adelaidean) is unlikely to give reltable information 
HW ambient oxygen tenons, The colorarion of 
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shales will also reflect diagenetic processes and the 
effects of indpent metamorphism; for example 
fécrystallizatian of haematite to specularite may 
cause beds to become almost black (Clemmey & 
Badham 1982). 

I. briandaily! is remarkable for the long senal 
spines, the attenuated Spines on the pleurites and 
its Macropleurcus eleventh segment. Similar long 
spines in adentopleurid trilobites have been 
considered to have functioned in helping to support 
the animals on ihe sea bottom, either during 
‘resting’ or while they were feeding with the aid of 
turtenls passing het ween che substrare and the lower 
side of the thorax (Wittington 1956a, b: Clarkson 
1969; for a different opinion see Bergstréim 1973). 
Such an adaptation is consistent with J triunemilyi 
inhabiting a soft muddy bottom, Because of the 


lack oF streamlining brought about by the spines 
the Lrilobite was probably not an agde swimmer, and 
this accords- with the finding of trackways in clase 
proximity to its remains, However, the trackway 
indicate larger animals than the body rissil 
specimens and there is no way of telling: whether 
the iruces were made by more mature individuals 
of conoveryphids or other trilobites kitewn tu reach 
large sive locally, such as Kedlichia Cossmarmn. 1902 
[see Conway Morris & Jenkins 1985), å host of 
modern day créatures have adapted to inhabit caves 
and other dark places and beeume secondarily 
blind, and lass of sight in conocuryphids would 
have posed no disadvantage if these prinial demzens 
of the deep were bottom dwellers who lived below 
the effective penelration of light, sustained 
primarily on settled detritus 


References 


ALEAN, R. MENTI E, (979) “The Invertebrates." 
(Cambridge University Press, Cambridge.) 

Warnes, R. S KÀ Hucuts, R. N, (1987) “Au 
Introduction ta Marine Leology” (Blackwell, Ox ford, 
London.) 

BuRGs ROM, J, (1983) Organization, life and systematics 
Òl Wilobiies, Fossils ung Siruta 2, 1-69. 

Ofanasos, E. N. K. (1969) A vunetional study af the 
Silurian odoniopleurid irilobite Leonaspis deflexa 
(lake Lerhain 2, 329-344. 

firvmey, H. & Bauiaw, N- 
Precambrian ajmosphere: An evaluation 
geological evidence, Geutugr 10, [4l-146, 

Conway MORRIS, S, (1985) Cambnan tagerstattens their 
distribution ant significance, Phil Trons, R. Soc Lend. 
BILI, 49-55 

_& JEĒKINS, RE L F (1985) Healed injiiries in 
Early Cambrian trilobites trom South Australia. 
Alcheringa %, 167-177. 

Dauw, & 1956) The Cambrian in South Australia, der “HI 
sistema Cambrico, su palaeoerafia ye el problema de 
su tise” Wih Int, geal, Congr. Mexica 2, 91-142. 

_. — (1963) The tossiliferous Cumbrian succession on 
klenrieu Peninsula, South Austraha Aer S, Ausi, Mus 
J4. 579-601. 

——— 1976) The Cambnan ol the Finders Ranges, tr 
B. P Thomson, R, Daily, R. P. Cours, & B., P., Forbes 
“Late Precambrian and Camhnan geolagy of ihe 
Adelaide “Geosyneline” andl Struan Shelf South 
Austraha’ 257k Im. geol. Caner, Excursion Guide Na 
334, 1-56. 

& Mints. A. R, (970 Statgraphic notes on 
Lower Cambrian fossiliferous imetasediments berween 
Campbell Creek anu Tunkalilla Beach in the type section 
ofthe Kanmantop Group, Fleurieu Permsula, Soutlt 
Australia. Trans. R, Soe S Anst Y5, 199-214, 

& — 0972) Revision of the siraligraphic 

nomenclature of the Cambrian Kanmamoa Chranp, 

South Australia, J Geol. Soo. Aust 1% 197-207, 

m: Pwinarr, C/K & Boukne. L A. (1979) 
1: Geology and geomorphology. pp 1-38 fn M, A Tyler, 
C R. Twidale & J. K. Ling, 1Fds) “Natural History al 
Kangaroo Island" (Royal Society of South Australia, 
Adelaide) 

Divtyacht, Sy & Waos L K, 11965) "Sedimentary 
Features or Plysch and Cireywas kes". Deyelapiments im 
Sedimentology 7. (hisevier Netherlands| 


(F982) Oxygen in the 
of the 


Foster, C. B, CrenovsKis, A. & O'BRIVN, G. Wo 11985) 
Organic-walled mherofossils from the Fans Cambrian 
at South Australia. dlcheringa 9, 259-268. 

Ci AESSYER, M. F. (1983) The emergence af Melara in 
the early history of tite, Preçcamb, Kes 20. 427-441. 

d (84) "Fhe Dawn of Ammal tita A Biohistorieal 
Smdy”, (Cambridge University Press. Cambridge 

HUTCHINSON. R- D, (1963) Cambrian srraigmphy and 
lrilobne faunas of southeastern Newloundland, dell, 
Geol Suru Cun. 8&8, 1-156. 

Jaco, L B, Dany, B, Von Ber Bourn, i Ga 
CEENGWSKES, A, de Sabin tries, N. (1989) First reporied 
trilabires trons the Lower Cambrian Normanyille Group, 
Hheurigu Peninsula, South Australia. Trans R. Sac S 
Aust, 108, 207-211 

a GUHDING, Ih, & Daisy, B (19RA) Cambian 
sediments of the Sellick Hill-Carnickealinea Head area, 
Ficurieu Peninsula, South Australia. fo A, d Parker 
(Ed.) “One Day Geolovigal Excursion et ile Adelaide 
Region" pp, 67-81, (Geological Society al’ Australia, 
SA, Div, Adelaidey 

Jenkins, R, 4 F989) The Adelaide ball Rell- Tectoni 
feappiaisal Ji J. B, Jago, & P. N. Merare, Eds "Aspecis 
ol the Adelaidean and Cumbrian Geolog wl the 
Adelaide Geosynetine” (Gal. Soc. Aust. Spes Publ 
in press.) 

KalirpMaAr, E. G. (1983) The commumty sirowniee of 
‘shell islands’ on oxygen deplered subsirales in Mesozoic 
dark shales and laminated carbomates, faa. Einsele de 
A. Sevlacher, (Rds “Cyeliv and event stratification” py 
502-503 (Springer Verlag, Berlin Hetdelbere ) 

Koxosov, M- N. (1966) New trilobites of the iamily 
Conouiryphiday fom the Cambrian of the Siberian 
Platform and Tuva. Paleon. Zh. 144, Nu. d. 92-97 
(in Russian). 

— -H973 The rmlobwte family Conocaryplhidar and 
is signiticance to the stratigraphy of the Cambriati 
deposils, Trvdy geal, Inst, Moseow, 201, (n Russian). 

Kisecet, W. (1982) Environmental changes during aif 
shale deposition as deduced Irom stable serie tatas 
In G, Einsule & AL Seilachter, (Ed.) “Cyclic and event 
stratiiication” pp, 482-501, (Sponger Neag. Berlin, 
Heidelberg) 

POOUMASE BALK, Co & Wison, 1 C, 4/958) Cumbrian 
biostralizeuphy in Nerih Ameno A Galen a2, 
312-350, 


TRILOBITES OF THE FLEURIEU PENINSULA 203 


Minnis, A. R. (1986) The Encounter Bay Granites and 
their relationship to the Cambrian Kanmantoo Group 
pp. 43-52. In A. J. Parker (Ed.) “One Day Geological 
Excursions of the Adelaide Region”, (Geological Society 
of Australia, S.A. Div, Adelaide) 

Morgs, K. A, (1980) Comparison of major sequences of 
organic-rich mud deposition in the British Jurassic, J. 
Geul. Soc, London 137, 157-170. 

Rasserr, F. (1967) Lower and Middle Cambrian trilobite 
faunas from the Taconic sequence of New York. 
Smithson. mise. Colins. 152, 1-111. 

RUNNEGAR, B. (1982a) Oxygen requirements, biology and 
phylogenetic significance of the late Precambrian worm 
Dickinsonia, and thé burrowing habit. Alcheringa 6, 
223-239. 

— _.. (1982b) The Cambiian explosion: animals or 
fossils? J geod Soe. Aust. 29, 398-411. 

Spzcy, K., (1961) Das Kambrium Spaniens/Teil H: 
Trilobiten. Abh, math-naturw. K. Akad. Wiss. Mainz 
1961, 597—693. 

SFILACHER, A. (1955) Spuren und Lebensweise der 
Trilobiten. In O. H. Schindewolf & A. Seilacher, Beitrage 


sur Kenntnis des Kambriums in der Salt Range 
(Pakistan), Ab. marh-naturw, Kl. Akad, Wiss. Mainz 
1955, 342-372. 

(1964) Biogenic sedimentary structures pp. 
296-311. fn J. Imbrie & N. D. Newell (Eds) “Approaches 
to palaeoecology” (John Wiley, New York). 

Serica, R. C. (955) The Point Marsden Cambrian beds, 
Kangaroo Island, South Australia. Trans. R. Soe. S. 
Aust. 78, 165-168. 

WesTERGARD, A. H., (1950) Nen-agnostidean {rilobites 
of the Middle Cambrian of Sweden. Sver geol. Unders. 
ser. C, No. S511, Arsh, 439), 1-56. 

Wetzer, A. (1982) Cyelic and dyseyclic black shale 
formation pp. 431-456. Jn G. Einsele & A. Seilacher 
(Eds) “Cyclic and event stratification” (Springer-Verlag, 
Berlin Heidelberg.) 

WItTINGION, H. B. ({956a) Type and other species of 
Odeontopleuridae (Trilobita). J.. Paleont. 30, 304-520. 

(1986 b) Silicified Middle Ordovician trilobites: the 
Odontopleuridae, Bull, Mus. Comp. Zool. Harv. 137, 
157-170. 


